Animals choose between sensory stimuli, a highly complex behavior which includes detection, discrimination, preference, and memory processes. Rodents are reported to display robust preferences for some odors, for instance, in the context of choosing among possible mates or food items. In contrast to the apparent robustness of responses toward these and other "ethologically relevant" odors, little is known about the robustness of behaviors toward odors which have no overt role in the rodent ecological niche, so-called "nonethologically relevant" odors. We developed an apparatus for monitoring the nose-poking behavior of mice and used this apparatus to explore the prevalence and stability of choices among different odors both across mice, and within mice over successive days. Mice were tested with a panel of either ethologically relevant or nonethologically relevant odors in an olfactory multiple-choice test. Significant preferences to nonethologically relevant odors were observed across the population of mice, with longer investigation durations to some odors more than to others. However, we found substantial inter-mouse variability in these responses, and that responses to these odors even varied within mice across days of testing. Tests with ethologically relevant odors revealed that responses toward these odors were also variable across mice, but within individual mice, responses were somewhat stable. This work establishes an olfactory multiple-choice test for monitoring odor investigation, choice, and preference behaviors and the application of this apparatus to assess across-and within-mouse odor-preference choice stability. These results highlight that odor preferences, as assayed by measuring choice behaviors, are variable.
mans conceptualize olfaction (Yeshurun & Sobel, 2010) . Hedonics impact odor-guided behavior of other animals, too, including rodents. By measuring the duration of time, the animal investigates an odor or is in proximity to an odor, one can operationally define attraction or "preference" for an odor. Mice and other rodents are known to display, on average, preferences to some odors (e.g., Baum & Keverne, 2002; Devore, Lee, & Linster, 2013; Drickamer, 1989; Isles, Baum, Ma, Keverne, & Allen, 2001; Kermen et al., 2016; Kobayakawa et al., 2007; Lydell & Doty, 1972; Mandairon, Poncelet, Bensafi, & Didier, 2009; Sullivan, 2003; Yuan, Harley, Darby-King, Neve, & McLean, 2003) . In the majority of studies to date, the results used to support odor "preferences" are presented as mean durations of investigation times averaged across animals. One such well known example is the preference of a male mouse for the odor of conspecific female urine (e.g., Baum & Keverne, 2002) , with male mice investigating conspecific female urine longer than that of males. Another example seen at the population level is avoidance of mice for the odors of predators (Ferrero et al., 2011) . Additionally, mice display preferences at the population level to synthetic odors with little to no known ethological value (Mandairon et al., 2009; Kermen et al., 2016) . Thus, odor hedonics inform odor-driven behaviors in mice. Little literature is available, however, on how diverse these responses are among animals. Do all mice, or even most mice, show strong preferences toward the same odors? Within a mouse, does it stably choose to dominantly investigate the same odor across days? One might assume that genetically inbred lines of mice, all reared in similar contexts, would share preferences toward similar odors. In contrast, even if mice share similar preferences at the population level, it is possible that mice have unique personalities in their display of odor preferences.
In addition to investigating the basis of hedonics, studying the behaviors of animals in the presence of multiple stimuli will provide important clues needed to unravel how the brain informs preferences across different stimuli and thereby guides behavioral choices. As described above, making a choice necessitates identification of a stimulus, discriminating between one stimulus among others, as well as reflections upon whether or not either stimulus has an associated memory. If a mouse is allowed to investigate a panel of odors, one might assume it may choose a given odor, and therefore indicate its preference for that odor. Investigating odor choices of mice among panels of diverse odors would allow insights into the basis of odor choices in mice and how this may reflect preference.
In order to test whether odor preferences are 1) maintained across mice, and 2) stable within mice, in this study we developed an apparatus that allows for an animal to freely investigate, and choose among, up to five odors in a given behavioral session. We used this apparatus to monitor investigation behaviors of mice to panels of both nonethologically relevant odors (those with no clear role in the rodent ecological niche) and ethologically relevant odors in an olfactory multiple-choice paradigm. Our results provide a compelling example for olfactory choices and how they contribute to variability of odor preferences, both between and within mice.
Materials and Method

Experimental Subjects
Thirty-seven adult male C57BL/6 mice (2-4 months of age) obtained from Envigo (Indianapolis, IN) and maintained within the Case Western Reserve University animal facility were used. Mice were group housed in cohorts of 2-5 mice/cage. Mice were allowed food and water ad libitum throughout the study, and housed on a 12-hr light/dark cycle with behavior testing occurring during the light phase (11:00 -17:00 hr). All experiments were conducted in accordance with the guidelines of the National Institutes of Health and were approved by both the University of Florida and Case Western Reserve University institutional animal care and use committees.
Five-Port Behavioral Apparatus
In order to directly monitor nose-poking toward odors, we developed a behavioral apparatus (Figure 1 ) with five odor ports wherein nose-poking into each port is monitored by 880-nm infrared photobeams and digitized for later analysis. The apparatus was made of black acrylonitrile butadiene styrene (ABS) plastic, consisting of a 30.5 ϫ 40.6 cm (weight ϫ length) gray perforated floor (0.3-cm perforations, ϳ0.5 cm spaced) and a guillotine style ABS door to allow gentle insertion and removal of the mouse from the testing apparatus. The ceiling was "open" to allow flexibility for those who may wish to monitor animals with video. Five 4 ϫ 30.5-cm-thick black ABS panels formed the walls of the chamber, which each housed a three-dimensional (3-D) printed odor port ( Figure 1B) . The odor port was T-shaped with a 2-cm opening which faced into the behavioral apparatus to allow nose entry and monitoring of infrared beam breaks. The two other ends of the T-shaped port had 2.5-cm openings designed as the top and bottom of the port. The bottom of each port allowed insertion of a disposable odorless plastic cup (flanged plastic cap; MOCAP, Park Hills, MO) which allowed the user to dispense a small volume or mass of odor, and at the top of the odor port was a "silent" 40-mm exhaust fan (Scythe Mini KAZE ULTRA, SY124020L) connected by a manifold and an ϳ20-cm-long piece of odorless plastic pipe ( Figure 1B ). Due to the fan, air flows from within the behavioral arena into the port entrance, thereby requiring animals to nosepoke to obtain odors. The odor port design restricted direct interaction with the odor, and prevented acquisition of visual, somatosensory, or gustatory cues. The result is a semicircle arena which allows for free choice in investigating one of five odor ports at a time ( Figure 1C ). The data from the photobeams were acquired using an Arduino Mega microcontroller board (ATmega 2560) running custom code written in the Arduino open-source language (Arduino; https://www.arduino.cc). The microcontroller, with a 16-Mhz clock speed, was programmed to monitor photobeam interruptions and their timing (with 10-ms resolution) and to send those data onto an secure digital card or via a USB cable onto a computer.
Stimuli
Three different sets of odors were used. Two sets consisted of monomolecular odorants obtained in their highest available purity This document is copyrighted by the American Psychological Association or one of its allied publishers.
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(Sigma Aldrich, St. Louis, MO), diluted to 1-Pa vapor pressure in mineral oil. Odor Set 1 included guaiacol, l-carvone, thioglycolic acid, heptanal, and 1-decanol. Odor Set 2 included (ϩ)-limonene, 2-methylbutyraldehyde, geraniol, isopentyl acetate, and mineral oil as a semiodorless (Gamble & Smith, 2009) comparison, since the odors were diluted in mineral oil. Odorant dilutions were determined using EPI Suite Software (EPIWEB 4.0). Diluted odors were stored at room temperature under nitrogen gas until testing. Twenty microliters of each odorant were pipetted into a single plastic cup immediately prior to the beginning of testing. The third set of odors consisted of odors with ethological relevance to mice. These included feces collected from a gonadally intact adult male domestic cat, urine collected from adult female mice who were gonadally intact, pieces from a red delicious apple, pieces of unsalted peanut, and honey. With the exception of the honey, which was stored at room temperature, all of these stimuli were aliquoted into similar masses (Ͻ1 g), placed into odorless plastic storage tubes, and stored at Ϫ20°C prior to being thawed at least 15 min prior to behavioral testing. Urine was collected as previously described (Wesson, Keller, Douhard, Baum, & Bakker, 2006) . Urine was pooled across 4 -6 gonadally intact female mice per day. Since these female mice were presumably normally cycling, the samples were homogenized across multiple collection days to control for variations in timing of the estrous cycle relative to the collections. Twenty microliters of urine and each of the 1-g samples were placed into separate new plastic cups prior to testing.
Behavioral Testing
Mice were acclimated to the five-port behavioral apparatus by allowing them 30 min of free exploration for 3 consecutive days. Clean plastic cups were present in the odor ports during this acclimation phase. Next, across 5 consecutive days, mice were individually placed in the apparatus with odors available for 30 min (either Odor Set 1, Odor Set 2, or the ethologically relevant odor set). Mice were tested in pseudorandom order each day. Odorants were arranged in the apparatus such that no odor repeated the same port throughout the testing phase. An approxi- Figure 1 . Design of the five-port behavioral apparatus used to monitor odor investigation behaviors. (A) Top-down (left) and front (right) views of the five-port odor investigation apparatus. This apparatus allows a mouse to freely explore and sample among five different odors in a single behavioral session which the timing of no-poking behavior to sample the odors is acquired by a microcontroller. See Materials and Methods section for a complete description. (B) Renderings of the three-dimensional printed odor exhaust manifold (top) and odor port (bottom). Location of the infrared photobeams is depicted on the odor-port rendering. (C) Picture of the assembled five-port apparatus which is wire-connected to a project-enclosure box (toward the left of the apparatus) which houses the Arduino microcontroller allowing for data acquisition onto a removable secure digital card or onto a computer connected by a USB cable. See the online article for the color version of this figure.
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mately 2-week duration occurred between the last test day of the first odor set, and the first test day of the second odor set. Prior to testing with the second set of odors, mice were reacclimated to the apparatus for 30 min one day before the first test day. The apparatus was thoroughly cleaned with 70% ethanol at the beginning and end of each testing session. Odorants remained in the testing apparatus until conclusion of testing for the last subject each day. The door of the apparatus was closed during all acclimation and testing sessions.
Data Analysis
Raw data (milliseconds of poking/port) was imported into Microsoft Excel and organized by port number, session number, and mouse number. To normalize the data as a means of overcoming possible influences of port location (possible spatial bias) and for testing day acclimation/habituation on analyses, we developed what we term an I-value metric. I-values were calculated within mice. First, we summed the total amount of time each mouse spent nose-poking into each port. Next, within odors, the amount of time that mouse spent nose-poking for that odor on a given day was divided by the total amount of time spent nose-poking across all odors on a given port and multiplying this by 100. Finally, in order to get a mean I-value for a single given odor across all testing days, the previous result was averaged across all five testing days. Statistical measures included analysis of variance (ANOVA) and repeated-measures ANOVA followed by Fisher's protected least significant difference (PLSD) post hoc test where indicated.
Results
We began our investigation by monitoring the nose-poking behavior of four cohorts of mice (n ϭ 18 total, cohort sizes of 4 -5) in response to successive testing days with the panel of nonethologically relevant odorants. As described in detail in the Materials and Methods section, each mouse was acclimated to the five-port apparatus ( Figure 1 ) over 3 days in the absence of any odors prior to being presented with the first panel of odors over 5 successive days (30 min/day). Afterward, the mice were left untested for 2 weeks before the acclimation and testing repeated with an independent panel of nonethologically relevant odors.
Habituation of Nose-Poking Behaviors and Influence of Port Location on Nose-Poking
To help optimally assess the later odor-guided behavioral results, we first analyzed the effect of testing day number and port location on the nose-poking behaviors of the mice across all mice tested with nonethologically relevant odors. Across all ports and mice, the mean duration of nose-poking decreased across repeated testing days, reflecting habituation to the apparatus and/or task: Odor Set 1, F(4, 68) ϭ 17.881, p Ͻ .001; Odor Set 2, F(3.886, 66) ϭ 11.557, p Ͻ .001 ( Figure 2A ). Greater mean duration of nose-pokes occurred on testing Day 1 than Day 5 for both odor sets (Odor Set 1: Fisher's PLSD p Ͻ .001; Odor Set 2: Fisher's PLSD p Ͻ .001). We used the same sessions of data as above to next analyze the impact of port spatial location on the nose-poking behavior of the mice. We found a significant effect of port location on the mean duration of nose-poking: Odor Set 1: F(4, 85) ϭ 4.45, Figure 2 . Habituation and port spatial location influence nose-poking behavior in the presence of nonethologically relevant odors. (A) Line graph representing the mean duration of time mice spent nose-poking across all ports as a function of testing day. In this experiment, 18 mice in total (in several cohorts) were tested for their investigation toward a panel of five nonethologically relevant odors (Odor Set 1) and then after 2 weeks of break, a different panel of nonethologically relevant odors (Odor Set 2). (B) The same data from the same mice, but plotted as a function of port number, with data averaged across all 5 testing days. Nose-poking was greater in the side ports (1 and 5) for both odor sets reflecting a spatial bias. This document is copyrighted by the American Psychological Association or one of its allied publishers.
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Preferences for Nonethologically Relevant Odors Are Evident, yet Highly Variable Across and Within Mice
Mice displayed a variety of patterns of investigation behavior while allowed to freely explore the five-port apparatus. Figure 3 illustrates the nose-poking activity of three mice (which are not included in other analyses) that were allowed to investigate one odor set. These plots show that mice have different tendencies to poke in ports, including varieties of transitions from port to port (sometimes entering back into the previous port) and ranges of nose-poke bout durations. Across these three mice, no clear preferred stimulus is apparent.
We next sought to assess the possibility for preferences toward nonethologically relevant odors in the five-port apparatus across the entire population of mice. As shown in Figure 2 , testing day and port location greatly impact investigation behaviors of mice in the five-port apparatus. To overcome this, we calculated odor investigation behaviors using an I-value metric which defines for each mouse, on each day, odor investigation as the percentage of total time nose-poking in one port, independent of day or spatial location (see Materials and Methods section). Across all mice and both panels of nonethologically relevant odors, we found a significant effect of odor type on I-values, F(9, 170) ϭ 4.582, p ϭ .003 ( Figure 4A ). Mice investigated thioglycolic acid longer than other stimuli, including guaiacol (p Ͻ .001), 1-decanol (p Ͻ .001), and geraniol (p Ͻ .001; Figure 4A ). Interestingly, a large mean I-value was observed in response to mineral oil which, while not entirely "odorless" (Gamble & Smith, 2009) , was selected as a comparison stimulus since the odors were diluted in mineral oil.
It is notable that no single odor very clearly and robustly showed dominance in the mean I-values. We predicted this was due to intermouse variability and therefore we asked how robust preferences for thioglycolic acid and the other stimuli were across the mice. To do this, we determined the odor which contributed the greatest I-value for each mouse. As shown in Figure 4B , thioglycolic acid only contributed the highest I-value for 27.7% of mice (4/18). The majority of mice (72.3%, 14/18) displayed their highest I-value for odors other than thioglycolic acid ( Figure 4B) , with l-carvone, heptanal, and mineral oil being second-most ranked. No mice displayed their highest I-values for decanol or 2-methyl butyraldehyde. Thus, there is great intermouse variability in preferences for nonethologically relevant odors.
Since our paradigm involves testing each mouse to the same odor panel across 5 days, we next asked within mice whether their "preferred" odor is stable across days. Since I-value takes into account across-day variations, for this analysis we used the total percentage of time nose-poking toward each odor as a measure of preference. Furthermore, since each mouse was presented with each odor over five sessions, we defined a mouse as "preferring" a single odor if they displayed their greatest investigation time to that odor over 3 or more days (consecutive or otherwise). We found that only 38.8% (7/18) of mice display stable odor preferences across the 5 testing days (Figures 5A & 5B) . The majority of mice (61.2%, 11/18) displayed variations on which odor they "preferred" on a day-to-day basis. Among all 18 mice, only one (5.5%) displayed a stable odor-specific preference across all 5 testing days ( Figure 5C ), with this mouse following thioglycolic acid across all 5 days regardless of port location. Of those mice which did display odor-specific preferences, four involved at least 2 days wherein the preferred odor was in Ports 1 and 5 (those with significant spatial biases; Figure 2B ). After eliminating those mice from the population, only 16.6% would contribute odor-specific preferences across the majority of days ( Figure 5D ). Thus, inves- Figure 3 . Example of diversity in odor-directed nose-poking behavior between mice. Example poking strategies of three mice in one behavioral session. In this example, the odors were in the same spatial location for all three mice. The times the mice nose-poked are plotted as blue (solid) bars, with time refraining from poking not indicated. In these examples, one can appreciate the diversity across mice in their tendencies to sample odors. Below the bars are pie charts representing the percentage of total time each mouse spent investigating (nose-poking) each odor. The percentage displayed indicates the maximum percentage of total time investigating a given odor. See the online article for the color version of this figure. This document is copyrighted by the American Psychological Association or one of its allied publishers.
tigation times, and thereby choices, for nonethologically relevant odors are not only variable across mice ( Figure 4B ), but as shown here, also variable within mice.
Preferences for Ethologically Relevant Odors Are More Conserved Across, and Stable Within, Mice
We next sought to test the hypothesis that mice display more robust and less variable preferences to ethologically relevant odors, versus what we found for nonethologically relevant odors. Therefore, we used three additional cohorts of mice (n ϭ 16 total, cohort sizes of 4 -7). We first began by analyzing task acclimation and port spatial preferences as we did for the previous cohorts of mice (Figure 2) . In contrast to what we found in the context of nonethologically relevant odors, mice did not habituate in their investigation toward ethologically relevant odors. Across all ports and mice, the mean duration of nose-poking was maintained across repeated testing days, F(4, 60) ϭ 1.228, p ϭ .309 ( Figure 6A ). While from different cohorts of mice, animals spent greater amounts of time sampling ethologically relevant versus nonethologically relevant odors, t(27) ϭ 3.85, p ϭ .0007 ( Figure 6B ). Therefore, we normalized the data within animals, among both odor sets, to the maximum duration of sampling on any of the 5 testing days to test for differences in habituation to the odors. This analysis revealed a significant interaction between testing days and the odor set type, F(1, 4) ϭ 13.288, p Յ .0001.Specifically, mice persevered in investigating ethologically relevant odors over successive testing days to similar levels, t(15) ϭ Ϫ1.04, p ϭ .316, Day 1 vs. Day 5, and in manners not observed toward the non- This document is copyrighted by the American Psychological Association or one of its allied publishers.
ethologically relevant odor set, t(12) ϭ 9.66, p Յ .0001, Day 1 vs. Day 5 ( Figure 6C ). We used the same sessions of data as above to next analyze the impact of port spatial location on the nose-poking behavior of the mice. Again in contrast to the results acquired in the nonethologically relevant odor tests, there was no effect of port location on the mean duration of nose-poking of mice toward these ethologically relevant odors, F(4, 75) ϭ 0.833, p ϭ .509 ( Figure 6D ). Directly comparing these data with those from the nonethologically relevant odor sets ( Figure 2B ), no significant interaction effect is observed between port number and odor set type, F(1, 250) ϭ 1.121, p ϭ .347. Together, the above data highlight a striking difference in behavioral responses when compared between nonethologically relevant and ethologically relevant odors.
We next analyzed for effects of odor type on the investigation behavior of these mice. We found a significant effect of odor type on I-values, F(4, 75) ϭ 5.572, p Ͻ .001 ( Figure 7A) . As a population, the highest I-value was displayed toward peanut (Figure 7A) . The lowest I-value across mice was observed for honey ( Figure 7A ). Thus, as with nonethologically relevant odors, at the population level, mice display odor preferences.
We next asked how robust preferences for peanut odor and the other odors were across mice. To do this, we determined the odor which contributed the greatest I-value for each mouse; 43.7% of mice (7/16) displayed their greatest I-value to peanut ( Figure 7B) . No mice displayed their highest I-value to honey ( Figure 7C) . Thus, as with nonethologically relevant odors, there is intermouse variability on preferences for ethologically relevant odors ( Figure 7C) .
We next asked, within mice, whether preference for their "preferred" ethologically relevant odor is stable across days. As with the nonethologically relevant odors, for this analysis we used the total percentage of time nose-poking in each session as a measure of preference. Again, we defined a mouse as "preferring" a single odor if they displayed their greatest investigation percentage to that odor over 3 or more days ( Figure 8A ). The majority of mice Histogram illustrating the number of mice which "preferred" the same odor across 3 or more of the 5 testing days (viz., displayed a stable odor-specific preference). No mice displayed stable odor-specific preferences for isopentyl acetate, guaiacol, heptanal, (ϩ)-limonene, or geraniol in this analysis. (B) Pie chart displaying the percentage of all mice which displayed stable odor-specific preferences (black ϭ mice with stable preferences; gray ϭ mice which did not). (C) An example of one mouse (the same contributing the high I-value toward thioglycolic acid in Figure 4 ) who across all 5 testing days spent its greatest percentage of time investigating thioglycolic acid. The data are plotted as a function of port number, to illustrate that the mouse "followed" thioglycolic acid regardless of port location/number. (D) Pie chart displaying the percentage of all mice which displayed stable odor preferences (same color scale as in panel B, but after removing data from mice which may have been influenced by port location (see Results section). This document is copyrighted by the American Psychological Association or one of its allied publishers.
(9/16, 56.3%) displayed an odor-specific preference ( Figure 8B ). Of those mice which did display odor-specific preferences, these were mostly displayed toward peanut odor ( Figure 8A ). In fact, among all 16 mice, 5 (31.3%) displayed a stable odor-specific preference across all 5 testing days to peanut odor. Thus, while variability exists, mice display somewhat stable preferences to these ethologically relevant odors.
Discussion
In this study we used a novel behavioral apparatus to investigate the behaviors of mice to panels of both nonethologically relevant odors (those with no clear role in the rodent ecological niche) and ethologically relevant odors. We found that 1) at the population level, mice do display odor preferences in the multiple-choice task, 2) that these preferences are variable at the individual mouse level, and 3) these preferences are modulated by experience. It is important to note our finding that, on average, mice display "preferences" toward some odors more than others is consistent with previous reports (Baum & Keverne, 2002; Devore et al., 2013; Drickamer, 1989; Isles et al., 2001; Kermen et al., 2016; Kobayakawa et al., 2007; Lydell & Doty, 1972; Mandairon et al., 2009; Yuan et al., 2003) . This, in part, validates the five-port apparatus for monitoring odor preferences. The main novelty of this work rests in highlighting that these preferences are not observed when The same data from the same mice as in panel A, but plotted as a function of port number, with data averaged across all 5 testing days. There was no effect of port location or testing day on mean duration of investigations. This document is copyrighted by the American Psychological Association or one of its allied publishers.
inspecting individual mice within the population, nor within individual mice across days. This finding may in part be explained by the unique paradigm we designed, wherein mice must choose between multiple stimuli in the multiple-choice task design, and also our measures of preferences across multiple days of experience with the odors.
Implications for Understanding Odor Hedonics
Many studies have provided insights into odor preferences in rodents; however, most do not present data in a manner allowing for assessing individual-animal differences (e.g., (DiBenedictis, Olugbemi, Baum, & Cherry, 2015; Kermen et al., 2016; Kobayakawa et al., 2007; Mandairon et al., 2009; Qiu et al., 2014) . At least one previous study documented variability in odor preferences (Tabuchi, Ono, Uwano, Takashima, & Kawasaki, 1991) . In that study, rats had to bar-press to gain access to one of several food odors (cheese, black pepper odor, milk, and peppermint). The authors reported that all rats, with some variation, displayed preferences to the food odors and that these were influenced by hunger.
In our study, we used multiday testing without experimentally induced changes in hunger, to reveal that mice spontaneously change their preferences toward odors, and in fact only in rare cases do they maintain preferences toward the same odor across multiple testing days. It will be important in future studies to determine if this across-day change in odor choices reflects that the mouse remembered the previous odor more and thus was seeking novel stimuli or perhaps that the odors selected among were not readily discriminated between and therefore the mouse generalized between the two.
Given that the nonethologically relevant odors used in our task were not paired to predict rewarding or aversive outcomes, we assume all of these odors have a neutral valence. This assumption is further supported by the low likelihood that the mice ever experienced these odors during rearing in the laboratory environment. Additionally, all of the odors were diluted to 1Pa, rendering them as ligands for the main olfactory epithelium, yet likely eliminating the trigeminal stimulation yielded by odors at high intensities. A neutral valence might translate behaviorally, as we This document is copyrighted by the American Psychological Association or one of its allied publishers.
observed herein, to a high degree of inter-and intra-animal variability in odor choices. Our results suggest that ethologically relevant odors are more robust at eliciting stable odor preferences. While still not all mice displayed preferences toward the same ethologically relevant odors, many mice displayed consistent preferences across repeated testing days. One limitation in this study, and in our ability to directly compare the results from the ethologically relevant and nonethologically relevant odors, is that we used differed cohorts of mice to test preferences toward these odor categories. That said, since we used several cohorts of mice in testing toward both types of odor sets, the comparisons between odor sets is fair. Furthermore, while we found no mice to display odor-specific preferences to odors including geraniol, limonene, heptanal, and more, it is very likely that with the considerable intermouse variability we report here, some mice will display strong preferences toward these odors. Additional studies will be needed to assess the basis of this difference between the two categories of odors (ethologically relevant vs. nonrelevant odors). For instance, it is possible that the nonethologically relevant odors are more perceptually similar compared to the ethologically relevant odors and therefore, there may be a role for olfactory generalization in the mice choosing between one nonethologically relevant odor and another.
Contributions of the Five-Port Apparatus
Various measures are used to assess preferences to odors. These can include the physical location of the animal's body in relation to the odor and the time the animal spends investigating the odor (often defined as "snout-oriented investigation"). While it is possible that an animal being in physical proximity to an odor coincides with it sampling an odor, the measures using the physical location of the body in relation to the odor are problematic, since this certainly does not coincide with preference. For example, just because a mouse remains in a select zone of an apparatus, does not mean it is doing so in response to the hedonics of the stimulus present in that zone.
We developed the five-port nose-poke behavioral apparatus in an effort to quantify, specifically, nose-directed investigation behaviors of mice to odors. By requiring the mice to poke their noses in the port to acquire the odor, we were allowed a direct read-out of investigation which adds precision beyond manual or videobased measures of monitoring investigation behaviors, and especially those based upon whole-body proximity. Importantly, a critical caveat to consider in comparing these results to those of previous studies, is that the different context which this behavioral apparatus provides likely alters preference behavior in a substantial manner from studies using other testing apparatuses (e.g., Devore et al., 2013; Mandairon et al., 2009; Tabuchi et al., 1991) , or those using home-cage testing (Baum & Keverne, 2002) . The five-port apparatus introduces a novel context in which the mice must be acclimated, and additionally, introduces the experimental variable of choice which impacts these results. That stated, we propose that additional studies using this five-port apparatus, and the olfactory multiple-choice test, will yield additional important insights into the basis of hedonics in mice and how they are shaped with experience.
Possible Mechanisms Underlying Variable-Odor Hedonics
What underlies these individual differences? Is it possible these results, especially those found in response to nonethologically relevant odors, are due to individual-animal differences in odor discrimination capacity? Indeed, while the odor preference task used here did not test specifically for odor discrimination, one possible explanation for the variability in preference to the odors is that it is an effect of olfactory generalization. Olfactory generalization can be defined as the degree to which any two odorants are perceptually confused with one another (Mandairon et al., 2011) and a recent study using a go/no-go operant task linked olfactory generalization to the structural similarity of odorants (Yoder, Setlow, Bizon, & Smith, 2014) . Whether the levels of individual differences we observed in odor choices may be reflected by Figure 8 . Most mice display stable preferences for ethologically relevant odors from day to day. (A) Histogram illustrating the number of mice which "preferred" the same odor across 3 or more of the 5 testing days (viz., displayed a stable odor-specific preference). No mice displayed stable odor-specific preferences for honey in this analysis. (B) Pie chart displaying the percentage of all mice which displayed stable odor-specific preferences (black ϭ mice with stable preferences; gray ϭ mice which did not). This document is copyrighted by the American Psychological Association or one of its allied publishers.
differences in odor-tuning functions by olfactory system neurons, and therefore discrimination capacity, are both unknown. That said, this would not explain the day-to-day variations uncovered in preferences. While it is likely animals are seeking novelty from day to day, as rodents are well known to do (e.g., Kabbaj, Devine, Savage, & Akil, 2000) , an alternative possibility for this would be an interplay between the investigation duration on one day followed by memory for that odor (and even the spatial location of that odor) on a subsequent day. Additional studies utilizing long intervals between subsequent testing days (Ͼ2 weeks) will be informative in understanding the basis in variations in odor preference within mice.
Conclusion
Our finding on the diversity and variability of odor preferences in mice may be surprising to some, especially considering the common-place manner of presenting odor-preference data from mice averaged as a group. However, just as humans display diverse and personal preferences toward odors, we should not be surprised to observe these same behaviors in rodents.
